A response signal, speed-accuracy tradeoff (SAT) variant of a same-different category task was used to examine how experience affects the speed and accuracy of retrieving conceptual information in first (L1) and second (L2) languages. Conceptual retrieval was evaluated in three bilingual groups: 10 balanced bilinguals with equal proficiency in Russian (L1) and English (L2); 9 Russian-dominant bilinguals who were less than fully proficient in English (L2); and 7 English-dominant bilinguals for whom English (L2) had become their primary language. Retrieval speed and accuracy was measured for L1 and L2 translation pairs and same-or different-category pairs within and across languages. For all bilinguals, translation pairs engendered higher accuracy and faster retrieval speeds than other conditions, and judgments of same-language category pairs were more accurate than differentlanguage pairs. No differences in speed or accuracy were found for L1 and L2 same-language pairs for the balanced group, indicating that conceptual retrieval was equally proficient in L1 and L2. However, retrieval speed was slower and less accurate for same-and different-language pairs with items from the nondominant language for both unbalanced groups. Slower retrieval speeds are argued to result from a mediational process in which the dominant language provides access to conceptual information whenever mappings in the nondominant language cannot sustain direct retrieval of conceptual information.
How are lexical and conceptual information represented in memory for speakers of more than one language? Early approaches to this issue focused on the logical extremes, seeking to determine whether the languages of multilingual speakers are represented in a common store or in separate stores (see, McCormack, 1977) . More recently, a consensus has emerged that languages have functionally separate stores for form-based, lexical (phonological and orthographic) representations but share a common set of conceptual representations (e.g., Durgunoglu & Roediger, 1987; Potter et al., 1984; Snodgrass, 1984 ; but see Van Heuven, Dijkstra, & Grainger, 1998 ). This hierarchical model of bilingual memory can be partly motivated by monolingual research indicating that linguistic information is represented in separable levels (Smith, 1997) . However, its primary strength derives from its ability to provide a systematic account of an otherwise mixed set of empirical findings. Studies that suggest separate stores have used procedures that are particularly responsive to form-based lexical properties [viz. fragment-completion tasks (e.g., Basden et al., 1994; Durgunoglu & Roediger, 1987; Walkins & Peynircioglu, 1983) , lexical decision tasks (Kirsner et al., 1984) , and repetition priming tasks (e.g., Gerard & Scarborough, 1989; Kirsner et al., 1984; Scarborough et al., 1984) ]. In contrast, studies that implicate a common store have employed tasks that are more reliant on conceptual processing [viz. semantic priming tasks (e.g., Chen & Ng, 1989; de Groot & Nas, 1991; Jin, 1990; Keatley et al., 1994; Kirsner et al., 1984; Meyer & Ruddy, 1974; Schwanenflugel & Rey, 1986) , picture naming tasks (e.g., Potter et al., 1984; Snodgrass, 1984) , categorization tasks (e.g., Caramazza & Brones, 1980; Dufour & Kroll, 1995; Shanon, 1982) , and bilingual Stroop tasks (Chen & Ho, 1986; Smith & Kirsner, 1982) ].
A hierarchical framework must precisely specify how lexical and conceptual representations are interconnected. For example, how does a bilingual determine whether a word from their second language (L2) is semantically related to a word in their first language (L1)? One possibility is that L1 and L2 lexical representations are only indirectly connected through shared conceptual representations. Another possibility is that the lexical representations across languages are also directly connected to one another. Potter et al. (1984) argued that the former was the case in developing and fluent bilinguals based on a finding that the time to name a picture in L2 was not significantly different from the time needed to translate from L1 to L2. They argued that a model which proposes direct L1-L2 lexical connections predicts that translation should be faster than picture naming because L2 forms can be retrieved without conceptual processing.
However, Chen and Leung (1989) and Kroll and Curley (1988) found that bilinguals at an earlier stage of learning than those used by Potter et al. (1984) were faster at L1-L2 translation than at L2 picture naming. Kroll and colleagues (Kroll & Stewart, 1994; Kroll & Sholl, 1992; Kroll & de Groot, 1997) argued that all pairwise connections exist between L1 and L2 lexical representations and the conceptual store for fluent bilinguals, but that the strength of these connections varies over the course of L2 acquisition. Notably, L2 to L1 translation is faster and appears to be less sensitive to conceptual properties than L1 to L2 translation in novice bilinguals (Kroll & Stewart, 1994; Kroll & de Groot, 1997 ; but see Altarriba & Mathis, 1997) . The revised hierarchical model (Kroll & de Groot, 1997) contends that the links between L2 and the conceptual store are nonexistent to weak in the early phases of L2 learning, and translation to L1 is thus the primary mode for L2 semantic processing. With additional experience, the links from L2 to the conceptual store progressively strengthen, so that, consistent with the Potter et al. (1984) results, this direct pathway becomes the dominant processing mode for L2.
RETRIEVING CONCEPTUAL INFORMATION FROM L2
The revised hierarchical model contends that a significant component in L2 acquisition is the emergence and development of mappings between lexical and conceptual forms. Here, we cast the issue in terms of retrieval processeshow conceptual information is retrieved from lexical forms-and examined how conceptual retrieval changes as the bilingual becomes more proficient in L2. Three Russian-English bilingual populations that differed in their relative proficiency and use of L1 (Russian) and L2 (English) were examined-a group in which L1 was the dominant language and that was less than fully proficient in L2, a group of balanced bilinguals who were equally proficient in and actively used both L1 and L2, and a group in which L2 had become the dominant language and L1 had fallen into relative disuse. We examined the following two hypotheses for how experience modifies retrieval processes.
Minimally, experience must strengthen and enrich the mapping between form and meaning, so that richer conceptual structures can be retrieved from L2 form-based representations as L2 proficiency increases. For example, if conceptual representations are viewed as a set of semantic features, then experience may serve to associate L2 lexical properties with a larger and more veridical set of features. Strengthening or enriching the mapping will increase the probability that conceptual information can be retrieved, which could lead to improvements in accuracy and shorter response times (RTs) in tasks that require conceptual information.
The first hypothesis considered is that experience only strengthens the mapping to conceptual representations and does not alter either the speed or efficiency of the underlying retrieval process. Retrieval speed can be invariant over changes in memory strength if retrieval takes the form of a direct-access or content-addressable operation. In this type of mechanism, cues (here, orthographic forms) contact memory representations (here, conceptual structure) without recourse to a search through irrelevant or competing memories, and memory representations of varying strengths can be retrieved with comparable speed (e.g., Dosher & McElree, 1992; McElree & Dosher, 1989) . Most episodic memory models (e.g., Gillund & Shiffrin, 1984; Hintzman, 1988; Murdock, 1982; see Clark & Gronlund, 1996 , for a review) and many semantic memory models (e.g., Hinton, 1989; Kawamoto, 1988; Plaut, 1997; Seidenberg & McCelland, 1989 ) assume content-addressable retrieval operations that display this property. Empirically, this view is supported by the absence of an effect of memory strength on the speed of episodic (e.g., Dosher, 1984; McElree & Dosher, 1989; Wickelgren et al., 1980) and semantic memory retrieval (Corbett & Wickelgren, 1978; Casey & Heath, 1990) .
Alternatively, experience with L2 may also modify the retrieval process, either by directly enhancing the speed of the retrieval or by supplanting one relatively inefficient retrieval operation with a more efficient one. The latter can be partly motivated by the literature on automaticity (e.g., Anderson, 1983; Shiffrin & Schneider, 1977 ). Shiffrin and Schneider (1977) , for example, argued that memory retrieval shifts with practice from a slow search-like process to a fast direct-access (content-addressable) process when there is a consistent mapping between stimulus and response. Analogously, the revised hierarchical model argues that retrieval shifts from a slow L1-mediated process to a more efficient direct-access process as direct links develop from L2 lexical forms to conceptual representations (Kroll & de Groot, 1997) .
Unfortunately, no study provides evidence that discriminates between these two hypotheses. Findings that L2-L1 translation is faster and less sensitive to conceptual factors than L1-L2 translation (Kroll & de Groot, 1997) only indirectly motivate the claim that L2 conceptual retrieval is mediated by different operations in novice and proficient bilinguals. These findings may reflect differences in the strength of lexical connections alone or differences in production processes (e.g., lexicalization routines). Novice bilinguals may rely more heavily on L2-L1 connections to perform L2-L1 translation because these connections have been recently strengthened during the acquisition process. That is, the data may reflect differences in the mappings between L1 and L2 lexical forms and not between these forms and conceptual structure. The same argument applies to comparisons of translation and picture naming studies (Chen & Leung, 1989; Kroll & Curley, 1988; Potter et al., 1984) .
Several studies have attempted to examine conceptual retrieval directly by measuring RTs for category judgments. Caramazza and Brones (1980) examined RTs from fluent bilinguals for judgments of whether an L1 or L2 word matched either an L1 or L2 category label. Although effects of typicality and semantic distance were evident, no significant differences were observed for same-and different-language pairs. Based on this finding, it was suggested that fluent bilinguals access conceptual representations as quickly from L2 as from L1. Dufour and and Shanon (1982) also found no differences for same-versus differentlanguage pairs for proficient bilinguals, although the former found slower responses in different-language pairs for less fluent bilinguals (3.9 versus 9.0 years of L2 experience). However, both studies reported that proficient bilinguals were slower overall to respond in L2, suggesting that accessing conceptual representations may be slower from L2 than from L1 even with extensive L2 experience.
These latter studies are intriguing in suggesting that L2 retrieval may not reach the level of proficiency of L1 retrieval even for relatively proficient bilinguals. Similar findings have been reported for other aspects of L2 processing, notably speech perception (Pallier et al., 1997) . However, the reason for the RT differences in these studies is unclear. The differences could reflect the fact that relatively impoverished conceptual information is retrieved from L2 lexical representations or, alternatively, that retrieval is slower in L2. Either situation will engender differences in RT. In RT tasks, a response is executed as soon as the amount of retrieved information exceeds a criterion set by the participant. A criterion can be exceeded at an earlier point in time if the retrieval process is faster in one condition than another or if retrieval operates at the same speed but more information is available in one condition (see Ratcliff, 1978 , for a specific model and Luce, 1986 , for a survey of RT models). For models of L2 acquisition, the former indicates that experience modifies the retrieval process, whereas the latter indicates that lexical development serves only to connect form-based representations to a richer set of conceptual representations. The data reported here discriminate between these alternative hypotheses.
MEASURING THE SPEED AND ACCURACY OF CONCEPTUAL PROCESSING
Discriminating between these alternative hypotheses requires deriving conjoint measures of retrieval accuracy-how much information is available from L1 and L2 forms-and retrieval speed-how quickly this information can be accessed. Such measures can be derived with the response-signal, speed-accuracy tradeoff (SAT) procedure (e.g., Dosher, 1976 Dosher, , 1979 Dosher, , 1981 Dosher, , 1982 Dosher, , 1984 McElree, 1993 McElree, , 1996 McElree, , 1998 McElree & Dosher, 1989 Ratcliff, 1978 Ratcliff, , 1981 Ratcliff & McKoon, 1989; Reed, 1973 Reed, , 1976 Wickelgren, 1977) . This procedure tracks changes in accuracy as a function of processing time, providing separate measures of retrieval speed and of the probability that conceptual information can be retrieved from L1 and L2 forms.
Conceptual retrieval was measured with an SAT variant of a same-different category task. Russian-English bilingual participants were sequentially presented L1 (Russian) and L2 (English) word pairs in either same-or differentlanguage combinations and had to judge whether the two words were members of the same semantic category. Six types of conditions, illustrated in Table 1 , were examined. To assess retrieval in each language separately, we used two same-language conditions, consisting of L1-L1 and L2-L2 pairings of same and different category members. These conditions were compared to two different-language conditions, consisting of L1-L2 and L2-L1 pairings of same and different category members. Additionally, we included two translation conditions, in which either L1-L2 or L2-L1 trans- lation equivalents were presented. If translation can be accomplished by direct connections between L1 and L2 lexical representations, then retrieval speed should be substantially faster for translation pairs than for same-or differentlanguage category pairs. The L1-L2 and L2-L1 pairs in the different-language and translation conditions enabled us to examine possible asymmetries in processing order (cf. Kroll & Stewart, 1994) . The SAT procedure differs from an RT procedure in that participants were required to respond at one of six times ranging from 100 to 3000 ms after the onset of the second word in the test pair. This served to chart the full time course of conceptual processing, from times when accuracy is near chance to times when accuracy reaches an asymptotic level. Figure 1 presents hypothetical SAT functions to illustrate how different time-course patterns can discriminate between the alternatives outlined above. Figure 1A depicts two hypothetical conditions that differ in asymptotic accuracy alone. The asymptote of an SAT function measures the highest level of accuracy (here in dЈ units) obtainable with functionally unlimited processing time (3 s). This provides an estimate of the probability that crucial semantic information has been retrieved. If the links from lexical to conceptual representations are weaker in either L1 and L2, such that less information is retrieved from the weaker form, then asymptotic accuracy will be lower for pairs containing the weaker forms. In the limit, asymptotic accuracy could be lower in conditions involving a weaker language if some lexical forms are unknown to the bilingual.
The pre-asymptotic portion of the SAT function measures retrieval speed or dynamics, jointly specified by the intercept of the function (when accuracy departs from chance) and the rate at which accuracy grows from intercept to asymptote. The dynamics of the SAT function reflect either the rate of continuous information accrual if processing is continuous or the distribution of finishing times if processing is discrete or quantal (Dosher, 1976 (Dosher, , 1979 (Dosher, , 1981 (Dosher, , 1982 (Dosher, , 1984 Meyer et al., 1988; Ratcliff, 1988) . In either case, differences in intercept or rate implicate underlying differences in retrieval speed. This situation is depicted in Fig. 1B , where the functions are associated with different intercepts and rates of rise to a common asymptote.
There are two potential reasons for why experience with a language may affect either SAT intercept or rate. The strength of the mapping between lexical forms and conceptual structure may directly affect the speed with which conceptual information becomes available, with weaker mappings resulting in slower retrieval. Although the strength of a memory often only affects accuracy and does not influence retrieval speed (e.g., Corbett & Wickelgren, 1978; Casey & Heath, 1990; Dosher, 1984; McElree & Dosher, 1989; McElree, 1996 McElree, , 1998 Ratcliff, 1978; Wickelgren et al., 1980) , no study has examined the issue for conceptual retrieval in bilinguals. A second reason for slower dynamics is that weaker forms may require a qualitatively different and slower retrieval operation. Consonant with the revised hierarchical model, weaker forms may not enable the recovery of conceptual information directly. When direct retrieval fails, the recovery of conceptual information may require a mediational process in which the weaker lexical form is first transduced into a representation in the dominant language. Dynamics will be appreciably slower for conditions that include weaker forms if a mediational process is required even on just a proportion of trials.
As noted, differences in RT can reflect underlying differences in the strength of the mapping between form and meaning or differences in processing speed. The inability of RT data to discriminate between these two alternatives is illustrated by the filled symbols in Fig. 1 , which show (hypothetical) RT data plotted in speedaccuracy coordinates. The top panel illustrates that a difference in mean RT (distance on the abscissa) and RT accuracy (distance on the ordinate) can arise if the underlying time-course functions differ in asymptotic accuracy alone. The bottom panel illustrates that a nearly identical difference in mean RT and RT accuracy could arise from underlying differences in the dynamics of processing.
L2 ACQUISITION AND ATTRITION
Three bilingual groups were used to assess how experience with L2 modifies conceptual retrieval. All participants were Russian immigrants who first acquired Russian (L1) and then English (L2). The groups differed in their experience with the two languages and in which language was their dominant one at the time of testing. Classification of participants was based on their age of arrival and length of stay in the United States, language use, and an informal interview with the author A.L.
The first group was by our measures equally proficient in English and Russian. We refer to this group as balanced bilinguals, despite the fact that many researchers question whether such bilinguals exist (Kilborn, 1994; Segalowitz, 1986 ). Our use of the term reflects the fact that this group actively read, wrote, and conversed in equal measures in both languages. These participants were 14 years old or younger when they arrived in the United States (average 12.3 years) and had been immersed in an English environment for an average of 5.5 years.
The second group, Russian-dominant bilinguals, used Russian for the majority of their written and spoken communication. These participants were 15 years or older when they arrived in the United States (average 16.8 years) and had been immersed in an English environment for a relatively short period of time, on average 2.5 years. This group, when contrasted with the balanced bilingual group, provided the bases on which to assess how the retrieval of conceptual information varies across two distinct periods in L2 acquisition.
The third group, English-dominant bilinguals, were under 12 years old when they arrived in the United States (average 8.6 years) and had been in an English environment for an average of 7.3 years. Although they still read, wrote, and conversed in their native Russian, English (L2) was their primary language for written and spoken communication. Additionally, most of their formal schooling was in English. The inclusion of this group enabled us to examine the speed and accuracy of L1 processing when the native language has ceased to dominate. Heredia (1997) has noted that a shortcoming of the revised hierarchical model is that it tends to emphasize the development of links between representational systems during acquisition, neglecting potential changes that may occur after a reasonably high level of proficiency in L2 has been achieved. The strength of the mappings between representations are likely to vary with the relative dominance of L1 and L2, such that L1 mappings may weaken as L2 becomes the primary language.
METHOD
Participants. Twenty-six native Russian speakers were recruited from a New York high school and the undergraduate population at New York University. Participants' ages ranged from 13 to 24. They immigrated to the United States between ages 7 to 22 and had resided in the United States for 1 to 9 years. Participants who came to the United States before age 12 learned English through attending American schools. Those who came after age 12 started to learn English in a Russian junior high school.
A questionnaire collected information on participants' language-learning experiences and current proficiency and use of L1 and L2. Participants rated on a 1-to 10-point scale (1 for not at all and 10 for native-like) their proficiency in listening, speaking, reading, and writing English and Russian. To obtain information on language use, they were asked to estimate the proportion of time that they had spoken or read in L1 and L2 over the past 3 months and to indicate which language they preferred for speaking, reading, and writing. Table 2 lists the composite measures from the questionnaire, along with age of arrival and length of stay.
Age of arrival and length of stay in the United States were the primary criteria for partitioning participants into the three groups. Age of arrival is a reliable predictor of aspects of L2 proficiency (Flege, Yeni-Komshian, & Liu, 1999; Jia, 1998; Johnson & Newport, 1989 ). An earlier age of arrival predicated higher L2 ratings, r ϭ Ϫ0.70, p Ͻ .001, and lower L1 ratings, r ϭ .68, p Ͻ .001. Also, it was positively correlated with L1 speaking, r ϭ .58, p Ͻ .01, and L1 reading, r ϭ .42, p Ͻ .05, and negatively correlated with L2 speaking, r ϭ Ϫ0.65, p Ͻ .001, and reading r ϭ Ϫ0.45, p Ͻ .05. It also predicted preference in using L2 for speaking, r ϭ Ϫ0.67, p Ͻ .01, and writing, r ϭ Ϫ0.60, p Ͻ .05. (Length of stay was highly correlated with age of arrival, r ϭ Ϫ0.51, p Ͻ .001, and was not a significant predictor of the language proficiency after age of arrival was partialed out.) Classification based on age of arrival compares favorably to objective measures such as a grammatical judgment test (Flege et al., 1999; Jia, 1998; Johnson & Newport, 1989) . However, Jia (1998) has argued that an important reason for why age of arrival is a robust predictor of language proficiency is that a younger age of arrival is usually associated with a richer L2 environment but a poorer L1 environment. To further refine our classification scheme, we also took into consideration participants' current language use based on responses to the questionnaire. The Russian-dominant group was initially formed by selecting participants with age of arrival of 15 years or older. Based on this criteria, seven participants were initially selected. Participants AQ and AK, who arrived at 11 and 14 years, respectively, were also placed in this group because they indicated higher Russian than English proficiency and used Russian more often for speaking and reading. The Englishdominant group was initially formed by selecting participants with age of arrival of less than 10 years old. Eight participants were initially selected using this criterion. However, participant LL (age of arrival of 11) reported infrequent L1 use and relatively high English proficiency and so was also placed in this group. The balanced group initially included eight participants with age of arrival between 11 and 14. Participants KN and MZ, who came to the United States at ages 8 and 10, respectively, were also classified as balanced bilinguals based on their nearly equivalent ratings of L1 and L2 proficiency and the frequencies with which they spoke and read in L1 and L2. The assignment of participants to groups was done before analyzing the data.
Materials. Two hundred and sixteen EnglishRussian translation pairs were generated, consisting of 18 instance-instance pairs from each of 12 common semantic categories. Eleven of the categories were drawn from the Battig and Montague (1967) norms and one additional category (emotions) was generated. As many of the instances in the norms were judged to be culture-specific, with no obvious Russian translations, we supplemented some of the 11 categories with additional instances. We attempted to remove words phonetically (or orthographically) similar to their translation equivalents.
The members of each pair were randomly assigned to the 8 conditions listed in Table 1 . Each member of the 216 pairs occurred in each of the 10 conditions. This yielded 2160 pairs which were divided into three sets of 720 pairs. Each set served as the stimuli for one of the three experimental sessions.
Procedure. Stimulus presentation, timing, and response collection were carried out on a personal computer using software with millisecond timing. A trial began with a fixation point (a small filled square) presented for 500 ms in the center of an otherwise clear screen. The first word in a pair was presented for 500 ms. Following a 14-ms blank screen, the second word in the pair was presented for 100, 300, 500, 757, 1100, or 3000 ms, at which time the screen cleared and a 50-ms 1000-Hz tone sounded. Participants were instructed and trained to respond at the tone by pressing one of two designated keys on the keyboard. After a response was recorded, visual feedback on the latency to respond to the tone was displayed. The participants were informed that responses longer than 300 ms were unacceptably long and that responses shorter than 100 ms should be regarded as anticipations. Participants were instructed to respond "same" if the two words were from the same semantic category and "different" otherwise. They were told that if the two words were translations of one another, they should respond "same" as the words were, by definition, members of the same category. Most of the instruction was in English, but, in the case of Russiandominant participants, instructions were also translated into Russian.
An initial 1-h practice session served as training in the SAT procedure. The practice session included English-English same-different pairs, none of which were used in the experimental sessions. Following the practice session, each participant performed three, 1-h experimental sessions. Each experimental session used one set of materials, with the order randomized across participants. Each participant performed 720 trials per session, consisting of 216 trials per condition, summing across the six response lags. This yielded 36 trials per condition at each of the six response lags. Given the binomial response measure, the sample size was sufficient to yield stable data for individual participants. Within a session, the latency of the response cue (tone) was randomized, as was the assignment of the pairs to one of the six response latencies.
Data analysis. To derive time-course measures that were not influenced by particular response biases, we computed six dЈ scores representing same-language L1-L1 and L2-L2 pairings, different-language L1-L2 and L2-L1 orderings, and L1-L2 and L2-L1 translations. In each case, for each participant, and equalvariance Gaussian dЈ measure was computed by subtracting the z score for the false alarm rate from the different condition from the z score for the hit rate from the corresponding same condition at each of the six response lags. Perfect performance was adjusted by a minimum-error correction (Macmillan & Creelman, 1991) to ensure measurable dЈ values.
The empirical SAT functions were fit with an exponential approach to a limit:
Ϫ␤͑tϪ␦͒ ͒, for t Ͼ ␦, else 0.
[1]
Equation [1] describes the growth of accuracy over processing time with three parameters: (i)
, reflecting the asymptote of the function; (ii) ␦, an intercept parameter reflecting the point in time when accuracy departs from chance (dЈ ϭ 0); and (iii) ␤, a rate of rise parameter that describes the rate at which accuracy grows from chance to asymptote. All analyses were performed on the individual participants' data. Consistent patterns across participants were summarized with the fits of the average (over participants) data. Differences among the SAT functions were quantified by fitting Eq.
[1] to the data with an iterative hillclimbing algorithm (Reed, 1976) , similar to STEPIT (Chandler, 1969) , which minimized the squared deviations of predicted values from observed data. A hierarchical model testing scheme was used. The SAT data were fit with sets of nested models that systematically varied the three parameters of Eq. [1]. These models ranged from a null model in which all functions were fit with a single asymptote (), rate (␤), and intercept (␦) to a fully saturated model in which each function was fit with a unique set of parameters. The quality of the fit was assessed by using three criteria, as follows: (i) The value of an R 2 statistic,
where d i represents the observed data values, d i indicates the predicted values, d is the mean, n is the number of data points, and k is the number of free parameters (Reed, 1973) . This R 2 statistic is the proportion of variance accounted for by the fit, adjusted by the number of (k) free parameters (Judd & McClelland, 1989) .
(ii) Evaluation of the consistency of the parameter estimates across the participants. (iii) Evaluation of whether the fit yielded systematic residuals that could be accommodated by allocating more parameters to various conditions. The SAT procedure is designed to derive time-course functions for individual participants. One drawback of this procedure is that there is rarely a sufficient number of cross-item replications for an item-based analysis. The design used here has two features that compensate for this deficiency. First, items were fully crossed with conditions, so that any item-specific effects were equally distributed across conditions. Second, the assignment of pairs to a response lag was randomized across participants. This ensured that any systematic difference across participants in one or another component of the SAT function (e.g., asymptote) could not be due to a few extreme items.
RESULTS
To assess retrieval speed and accuracy as a function of L1 and L2 experience, we analyzed the six same-language, different-language, and translation functions for each of the three bilingual groups separately. Under Discussion, we note specific differences between groups (using the average over participant's data) to reinforce the conclusions drawn from the within-group data.
Balanced Bilinguals
The symbols in Fig. 2 present the average (over participants) dЈ data for the balanced bilinguals. Performance at the longest response lag (3 s) suggests that there was little difference in asymptotic accuracy between the L1-L2 and L2-L1 pairs within the translation condition (3.6 and 3.4 dЈ units, respectively) and within the different-language condition (2.5 and 2.4 dЈ units, respectively). There was also little difference between the L1-L1 and L2-L2 pairs within the same-language condition (2.8 and 2.9 dЈ units, respectively). There were, however, substantial differences in asymptotic accuracy between the three main types of conditions. An ANOVA on the dЈ values yielded a significant main effect of (same-language, different-language, and translation) condition, F(2,18) ϭ 31.5, p Ͻ .05, with no effect of pairing or interaction of pairing and condition (Fs Ͻ 1). Collapsing across the pairing factor, pairwise comparisons showed that the translation conditions engendered higher asymptotic performance than the same-language conditions, t(9) ϭ 3.99, p Ͻ .05 (3.5 versus 2.9 dЈ units, respectively) and the different-language conditions, t(9) ϭ 7.7, p Ͻ .05 (3.5 versus 2.5 dЈ units, respectively). Same-language conditions engendered higher asymptotic levels than different-language conditions, t(9) ϭ 4.2, p Ͻ .05.
The higher asymptotes for translation pairs suggest that less semantic information is needed
FIG. 2.
Average dЈ accuracy (symbols) for the balanced subjects as a function of processing time (lag of the response cue plus latency to respond to the cue) for each combination of L1 and L2 category judgments and the two translation conditions. Smooth curves show the best fits of Eq. [1] with the (average) parameters listed in Table 3. to effectively judge these pairs as members of the same semantic category. The asymptotic differences between the same-and differentlanguage conditions indicate that within-language processing is more efficient than crosslanguage processing. Although this pattern could reflect less efficient retrieval in either L1 and L2, this is unlikely, as the L1-L1 pairs and the L2-L2 pairs in the same-language conditions did not differ in retrieval accuracy, t(9) ϭ .73, p Ͼ .48. Rather, it appears to reflect switching costs associated with processing different-language codes (see Discussion). The comparable asymptotic levels for L1 and L2 same-language pairs suggest that L1 and L2 lexical representations were equally developed in our balanced bilinguals.
To assess retrieval speed conjointly with retrieval accuracy, the functions were fit with the exponential Eq. [1]: accuracy is estimated by the parameter and retrieval speed by the ␦ (intercept) and ␤ (rate) parameters. Adequate exponential models required allotting separate asymptotic parameters () to a subset of the six conditions. For example, a 1-1␤-1␦ model, in which all six functions were fit with common parameters, produced the adjusted-R 2 value of .863 for the average data, with values ranging from .495 to .846 across the 10 participants. A 6-1␤-1␦ model, in which a separate asymptote was assigned to each condition, increased the adjusted-R 2 to .981, ranging from .715 to .941 across participants. A 3-1␤-1␦ model, in which a separate asymptote was assigned to the same-language, different-language, and translation conditions (collapsing over different L1 and L2 pairings), produced a slightly higher adjusted-R 2 value than the 6-1␤-1␦ model in the average data (.984). This model is consistent with the ANOVA reported above. However, for 5 of the 10 participants, the 6-1␤-1␦ model yielded a higher adjusted-R 2 value than the 3-1␤-1␦ model, indicating that for these participants there were substantial asymptotic differences between the pairings within the three main conditions. Additional fits that further varied the rate (␤) and intercept (␦) parameters were performed to test for differences in retrieval speed. On statistical grounds, the model fits, like the ANOVA reported above, sanction only the conclusion that the same-language, different-language, and translation conditions asymptotically differ from one another. However, because five participants were better fit by the 6-1␤-1␦ model, we tested classes of models that varied ␤ and ␦ concurrent with both 6 s and 3 s. This ensures that asymptotic effects, when present, are not artificially forced into one of the dynamics parameters.
Only one dynamics difference emerged from the model fits. The two translation conditions were associated with an earlier intercept (␦) than the same-or different-language conditions.
1 In the average data, the intercept for translation was 320 ms compared to a common intercept of 354 ms for same-language and different-language conditions. Compared to the simpler 6-1␤-1␦ model, the increase in adjusted R 2 was modest for the 6-1␤-2␦ model (.986 versus .980). However, modest increases are expected given the high initial adjusted-R 2 values and the fact that systematically misfitting the dynamics portion of the two translation pairs will misfit 2 to 4 of the 36 data points only (viz., the first and second points on the L1-L2 and L2-L1 translation curves). Strong motivation for the 6-1␤-2␦ model is given by the systematic and significant differences in intercept estimates that are observed across participants. Seven of the 10 participants showed an intercept advantage for translation, with differences ranging from 47 to 106 ms. For these participants, adjusted-R 2 for both a 6-1␤-2␦ model and a 3-1␤-2␦ model improved over a 6-1␤-1␦ or a 3-1␤-1␦ model. For the remaining participants, the simpler 6-1␤-1␦ or 3-1␤-1␦ model resulted in a nearly equivalent ad-1 Alternatively, the dynamics differences can be expressed as differences in rate (␤) rather than intercept (␦). A 6-2␤-1␦ model gave the same .986 adjusted R 2 value as the 6-1␤-2␦ model in the average data, with mean rate estimates (␤ Ϫ1 ) of 317 ms for translations and 400 ms for the same-and different-language conditions. Across participants, however, the 6-1␤-2␦ model gave slightly better adjusted R 2 values than the 6-2␤-1␦ model, so it was used to summarize the time-course differences. For this data set and the other sets reported below, we cannot reject this alternative descriptive model. justed-R 2 value, and the ␦ estimates for translation were comparable to the ␦ for other conditions. Nevertheless, the difference in the ␦ estimates was significant across participants, t(9) ϭ 3.37, p Ͻ .05. Table 3 presents the parameter estimates for the 6-1␤-2␦ model for the average data and the 7 participants with dynamics differences, along with the estimates for the 6-1␤-1␦ model for the 3 remaining participants. The smooth functions in Fig. 2 show the fits to the average data using the parameters listed in Table 3 .
The faster dynamics for translations again suggest that less semantic information was required for these types of pairs. The most important aspect of the model fits is that there was no evidence to indicate that retrieval speed differed for L1 and L2 same-language pairs or that same-language pairs differed from the differentlanguage pairs.
Russian-Dominant Bilinguals
Figure 3 presents the average (over participants) empirical SAT data for the Russian-dominant group. Performance at the longest response lag again shows substantial differences in asymptotic accuracy among the translations, same-language, and different-language conditions. An ANOVA yielded a significant main effect of condition, F(2,16) ϭ 21.5, p Ͻ .05, with no effect of pairing or interaction of pairing and condition, F(1,8) ϭ 2.1, p ϭ .18, and F(2,16) ϭ 1.6, p ϭ .23, respectively. Again, there was no evidence for a difference in asymptotic accuracy between the L1-L2 and L2-L1 pairings within the translation conditions, t(8) ϭ 0.91, p ϭ .39 (dЈ values of 3.2 and 3.1, respectively) and within the differentlanguage conditions, t(8) ϭ 0.24, p ϭ .81 (2.2 and 2.3 dЈ units, respectively). However, there was a significant 0.5 dЈ average advantage for L1-L1 compared to L2-L2 pairings in the same-language conditions, t(8) ϭ 3.1, p Ͻ .01 (2.7 and 2.2 dЈ units, respectively). This difference indicates that, for Russian-dominant bilinguals, the probability of retrieving conceptual information was lower with L2 forms. This notion is reinforced by the finding that dЈ values for the L2-L2 same-language pairs were comparable to those observed for the L1-L2 and L2-L1 different-language pairs, indicating that the accuracy of conceptual retrieval was poorer whenever an L2 form was involved.
Exponential model fits required allocating separate asymptotic parameters (s) to some combination of the six functions. A 1-1␤-1␦ model yielded an adjusted-R 2 of .805 in the average data, ranging from .368 to .874 across the nine participants. A 6-1␤-1␦ model, with one asymptote assigned to each condition, increased the adjusted-R 2 to .960, ranging from .749 to .891 across participants. In the average a Subjects fit with a 6-1␤-1␦ rather than a 6-1␤-2␦ model. data, the s for the L1-L2 and L2-L1 translation pairs were nearly identical, 3.03 versus 3.05, respectively. The s for L1-L2 and L2-L1 different-language pairs were 1.99 and 2.27, respectively, substantially lower than the comparable translation pairs but within .3 dЈ units of each other. The s for L1-L1 and L2-L2 samelanguage pairs were between the translation and different language conditions, 2.02 and 2.71, respectively, but were separated by .7 dЈ units. For the L2-L2 same-language pairs, performance was lower than that for the L1-L1 pairs and comparable to that for the different-language pairs, which also required retrieval from a nondominant lexical form. Additional model fits revealed two systematic differences in processing speed. First, as with balanced bilinguals, translation pairs were associated with an earlier intercept than the same-and different-language conditions. The average intercept was 320 ms for the translation condition compared to 430 ms for the differentlanguage condition; all nine participants showed an advantage for translations ranging from 51 to 205 ms, t(8) ϭ 6.59, p Ͻ .002. Second, unlike the balanced bilinguals, L2-L2 pairs in the same-language condition were associated with a longer intercept than the corresponding L1-L1 pairs; specifically, 430 ms versus 357 ms in the average data. Seven of the nine participants showed this advantage for the L1-L1 pairings, with differences ranging from 40 to 162 ms, t(8) ϭ 3.26, p Ͻ .011. These dynamics differences were derived from a 6-1␤-3␦ model, in which one intercept was allocated to both translation pairs, one intercept to the L1-L1 same-language pairs, and one intercept to the L2-L2 same-language and both different language pairs. Table 4 shows the parameter estimates for the average data and the participants' data. The smooth functions in Fig.  3 show the model fits of the average data using the parameters in Table 4 . For the average data, the 6-1␤-3␦ model gave an adjusted-R 2 of .974 compared to .960 for the simpler 6-1␤-1␦ model. Comparable increases were found in the data from eight of the nine participants. One participant (AK) was better fit by the simpler 6-1␤-2␦ model used for the balanced group (adjusted-R 2 of .809 compared to .805 for the 6-1␤-3␦ model).
The differences in intercept (␦) indicate that translations were processed more quickly than same-or different-language conditions, as was found with the balanced bilinguals. However, for bilinguals with modest L2 experience, the notable result is that processing speed was substantially faster for L1-L1 same-language pairs than for L2-L2 same-language pairs and both different-language pairs. Judgment speed was slower by (on average) 90 ms for any condition a Subject fit with a 6-1␤-2␦ rather than a 6-1␤-3␦ model. that required conceptual retrieval from at least one L2 form. The 6-1␤-3␦ model assumes that retrieval speed is the same for L2-L2 samelanguage pairs and both different-language pairs, even though the latter involve one L2 form only. When the data were fit with a 6-1␤-4␦ model, in which the different-language conditions were allotted separate intercepts, the average L2-L2 intercept was indeed later than the different-language intercepts; specifically, 463 versus 413 ms, with six of the nine participants showing advantages that ranged from 67 to 197 ms. However, the differences were not significant, t(8) ϭ 1.06, p Ͼ .05. This type of effect could have been partially obscured by counteracting effects of language switching. If L1-L2 and L2-L1 different-language pairs were slowed by switching between languages, then the intercept for these conditions overestimates the cost associated with processing one item from L2. Although there was no evidence for switching costs on processing speed for the balanced group, such effects cannot be ruled out in unbalanced groups. Figure 4 presents the average data for English-dominant bilinguals. Performance at the longest response lag again showed substantial asymptotic differences among the translation, same-language, and different-language conditions. There was a significant main effect of condition, F(2,12) ϭ 14.6, p Ͻ .05, with no effect of pairing, F(1,6) ϭ 1.7, p Ͻ .24, and a marginal interaction of pairing and condition, F(2,12) ϭ 2.9, p Ͻ .09. Translations produced the highest asymptotes (3.03 and 3.48 dЈ units for L1-L2 and L2-L1 pairs), followed by same-language conditions (2.87 and 2.75 dЈ units for L1-L1 and L2-L2 pairs), and then the different-language conditions (2.23 and 2.56 dЈ units for L1-L2 and L2-L1 pairs). The marginal interaction is due to the differences in the L1/L2 pairings in the translation and different-language conditions, which were not significant, t(6) ϭ 1.5, p Ͻ .17 and t(6) ϭ 1.7, p Ͻ .15, respectively. The corresponding comparison in the same-language condition was also not significant, t(6) ϭ 0.77, p Ͻ .47 (but see below).
English-Dominant Bilinguals
These differences required allocating separate asymptotic parameters (s) in the model
FIG. 3.
Average dЈ accuracy (symbols) for the Russian-dominant subjects as a function of processing time (lag of the response cue plus latency to respond to the cue) for each combination of L1 and L2 category judgments and the two translation conditions. Smooth curves show the best fits of Eq. [1] with the (average) parameters listed in Table 4. fits. A 1-1␤-1␦ model yielded an adjusted-R 2 of .853 for the average data, ranging from .525 to .896 across participants. A 6-1␤-1␦ model increased the adjusted-R 2 to .935, ranging from .805 to .925 across participants. The average s for the L1-L2 and L2-L1 translation pairs were similar, 3.42 versus 3.26, respectively. The s for L1-L2 and L2-L1 different-language pairs were 2.54 and 2.33, respectively, substantially lower than the comparable translation pairs but within .2 dЈ units of each other. The s for L1-L1 and L2-L2 same-language pairs spread across the range of the translation and different language conditions, 2.45 and 2.93, respectively. This pattern is the mirror image of the Russian dominant group: L1-L1 same-language pairs were comparable to the different-language condition and markedly lower than the L2-L2 pairing. Again, the probability of retrieving conceptual information was lower in conditions that required the processing of at least one word from the nondominant language, in this case Russian.
The model's estimates of asymptotic level in the same-language pairs are at slight odds with the t test on the dЈ values at the longest lag, where the difference between L1-L1 and L2-L2 pairs was nonsignificant. This is because there is only a small difference at the longest lag but a substantial difference at the penultimate lag. The model's estimates of asymptote are to be preferred in this circumstance, as they are estimated from the whole function rather than one potentially noisy point. Indeed, a t test on the estimates was significant, t(6) ϭ 4.33, p Ͻ .005.
Model fits also revealed systematic differences in processing speed. Paralleling the Russian-dominant group, the dynamics differences were best captured by a 6-1␤-3␦ model, in which one intercept was allocated to both translation pairs, one intercept to the L2-L2 samelanguage pairs, and one intercept to the L1-L1 same-language and both different-language pairs. For the average data, the 6-1␤-3␦ model gave an adjusted-R 2 of .958 compared to .935 for the simpler 6-1␤-1␦ model. Comparable increases were found for most of the participants. Table 5 shows the parameter estimates for this model. The smooth functions in Fig. 4 show the model fits of the average data using the parameters in Table 5 .
The 6-1␤-3␦ model captures the fact that the translation condition was associated with an
FIG. 4.
Average dЈ accuracy (symbols) for the English-dominant subjects as a function of processing time (lag of the response cue plus latency to respond to the cue) for each combination of L1 and L2 category judgments and the two translation conditions. Smooth curves show the best fits of Eq. [1] with the (average) parameters listed in Table 5. earlier intercept than the same-and differentlanguage pairs involving nondominant lexical forms; specifically, 392 ms versus 452 ms for the different-language condition and the L1-L1 same-language pairs. All seven participants showed a speed advantage for translations ranging from 23 to 128 ms, t(6) ϭ 3.09, p Ͻ .02. The second effect captured was that the L2-L2 same-language pairs were associated with an earlier intercept than the corresponding L1-L1 pairs or either of the different language pairs, t(6) ϭ 3.74, p Ͻ .009. The average L2-L2 intercept was 370 ms, slightly faster than the translation condition, although not significantly so, t(6) ϭ 0.68, p Ͼ .05.
There were again indications that processing speed was slower for the L1-L1 same language pairs than for the two different language pairs, which include one nondominant form only. In a 6-1␤-4␦ model, the average intercept was 488 ms for the L1-L1 pairs and 431 ms for the different-language pairs. However, this advantage was again not significant, t(6) ϭ 1.18, p Ͼ .05, possibly for the reason noted earlier.
As with the Russian-dominant group, the delayed intercept for the L1-L1 same-language pairs and different-language pairs suggests that conceptual retrieval was slower from a nondominant lexical form. Here, however, we find evidence for slower conceptual retrieval from L1 lexical forms following what appears to be weakening of the native language.
DISCUSSION
The major finding was that retrieval was slower in the processing of the nondominant language in unbalanced bilinguals. Experience affected the probability of recovering conceptual information, but also altered retrieval so that conceptual information became more accessible. Below we explore this finding further, drawing general implications for models of bilingual memory. However, before discussing the effect of language dominance, we first discuss effects associated with the translation and different-language conditions.
Translation Conditions
Translation accuracy. Translation pairs consistently engendered the highest levels of asymptotic performance. These high levels of accuracy were undoubtedly a consequence of the high degree of semantic redundancy across translation pairs. In the limit, if semantic information were fully commensurate across translation pairs, the decision process would reduce to an assessment of one conceptual form only. However, even modest degrees of overlap in conceptual structure would simplify decision processes by reducing the amount of mismatch- ing semantic information. Redundancy may have also directly affected retrieval. One form may have primed or cued the retrieval of properties for the second form, increasing the probability of retrieving those properties that are essential to the judgment of category membership. A variant of the latter is offered below as an explanation of the time-course differences between the translation and other conditions; however, effects on decision processes may have also contributed to the high levels of accuracy. Translation speed. Translation pairs also engendered the fastest response dynamics. Again, redundancy could have simplified and thereby sped decision processes, or processing one form may have sped the retrieval of conceptual information for its translation. Alternatively, it might be argued that judgments of translation pairs were mediated by direct connections between L1 and L2 form-based representations, circumventing the retrieval and evaluation of semantic information. Such an assumption is, however, inconsistent with the findings of comparable translation and picture naming times (Chen & Leung, 1989; Kroll & Curley, 1988; Potter et al., 1984) , as well as with studies indicating that semantic factors influence translation (e.g., de Groot & Hoeks, 1995; de Groot et al., 1994; Talamas et al., 1995) . In our data, the magnitude of the advantage for translation pairs (e.g., a 34-ms difference in intercepts for balanced bilinguals) was smaller than what might be reasonably expected if the retrieval and processing of semantic information were completely circumvented. Both facts suggest that the fast response dynamics for translations was due to a speeding of either retrieval or decision processes.
Accuracy within and between Languages
Accuracy was higher for same-language conditions than for different-language conditions. This effect was most evident in the balanced group, in which the probability of retrieving conceptual information was comparable for L1 and L2 forms. The effect was also evident in the two other groups, although it was intertwined with differences between the dominant and nondominant languages. In the balanced group, the equal asymptotes for L1 and L2 same-language pairs indicate that the lower performance with different-language pairs was not due to poorer L1 and L2 retrieval, but was crucially linked to processing distinct language codes.
Judgments of different-language pairs could be less accurate than of same-language pairs if semantic information was not fully commensurate across the two languages. However, crosslinguistic variation is much greater for verbal than nominal concepts (Gentner, 1982) and for abstract rather than concrete nouns (de Groot, 1992) . In the present case there is little justification for assuming that incommensurate conceptual representations were responsible for the difference. Dufour and Kroll (1995) argued that a dominant language inhibits retrieval from a nondominant language, based on a related finding that RTs in a category instance task were slower when the language of the category member mismatched the language of the category label. Inspection of the hit rates and correct rejection rates for our balanced group showed that the lower dЈs in the different-language conditions were due to a lower hit rate for same category pairs: Hit rates were higher for same-than different-language pairs (80.2% versus 74.7%), but correct rejection rates for same-and different-language pairs were nearly identical (94.8% versus 94.0%, respectively). Minimally, an inhibition account would have to propose that inhibition operates only when words are members of the same category. Of more concern, such an account would have to assume that language dominance is not a necessary condition for inhibition, for the effect was evident in our balanced bilinguals, who otherwise showed no differences between L1 and L2 retrieval. Finally, inhibition might also be expected to slow retrieval dynamics. Episodic retrieval is, for example, slower in AB-AC interference conditions than in AB-CD conditions (Dosher, 1981) . However, there was no evidence in our data that different-language conditions per se engendered slower retrieval.
An alternative account is that the lower performance for different-language pairs was due to decision factors. The pattern of hit and false alarm rates indicates that participants adopted a conservative response criterion, being more willing to respond "different" than "same." Lower hit rates for same-category pairs from different languages could simply reflect confusion introduced into the decision process by different language codes. Our participants were trained on English same-language pairs, and this may have induced them to unduly emphasize same-language pairs. As decision processes often depend on particular strategies, an account based on decision factors rather than intrinsic differences in retrieval is more consistent with the fact that not all studies have found differences between same-and different-language conditions (Caramazza & Brones, 1980) .
Language Dominance
Accuracy for dominant and nondominant forms. Accuracy was lower in conditions that included at least one lexical form from a nondominant language. No differences between L1 and L2 pairs were found in the balanced bilingual group, but asymptotic levels were lower for pairs with at least one L2 form in the Russian-dominant group and pairs with at least one L1 form in the English-dominant group relative to pairs with dominant forms only. The asymptote reflects the probability of recovering conceptual information necessary for a determination of category membership. These differences indicate, therefore, that the mapping from form to meaning is more impoverished in a nondominant language. In a discrete framework, the pattern follows from an assumption that conceptual information was not retrieved on a proportion of trials. In a continuous framework, the pattern follows from an assumption that less information was retrieved from nondominant forms.
The speed of conceptual retrieval. There were two novel and important results concerning retrieval speed. First, the time-course profiles for the balanced bilinguals indicated that conceptual information was retrieved from L1 and L2 forms with equal probabilities and identical speed. Shanon (1982) and Dufour and Kroll (1995) found that proficient bilinguals had slower RTs for determining whether L2 words matched a category label, suggesting either slower or less efficient L2 retrieval. In both studies, however, participants had less experience with L2 than did our balanced group. [Shanon's advanced participants acquired L2 before puberty but had been immersed in an L2 environment for a minimum of 2 years. Our balanced participants were immersed in an English environment for an average of 5.5 years, with a minimum of 3 years. Dufour and Kroll's advanced participants were native English speakers who learned French in a classroom setting at an average age of 11.4 (speaking) and 13.5 (reading). Although these participants had on average 9 years of experience with L2, they were not immersed in an L2 environment.] The data from our more balanced bilinguals show that conceptual information from L2 can be equally available and accessible as conceptual information from L1.
Researchers have questioned whether truly balanced bilinguals exist (e.g., Kilborn, 1994; Segalowitz, 1986) . The time-course profiles for the balanced group demonstrate that, with respect to retrieving conceptual information, a homeostatic state is possible. However, our claim is restricted to conceptual retrieval and does not exclude the possibility that other component processes may show substantial differences between L1 and L2. Pallier et al. (1997) reported that fluent bilinguals failed to attain the phonemic competence of native speakers, despite early and extensive exposure to L2 (6 years old or earlier). When juxtaposed with our results on semantic retrieval, these results suggest that component processes have different degrees of plasticity. Conceptually based processes may be more plastic than perceptually based processes because the latter systems tend to be more closed.
The second important result concerned unbalanced bilinguals. Retrieval was systematically slower for the nondominant language in both Russian-dominant and English-dominant bilinguals. The primary evidence for this claim came from within-participant time-course differences in the processing of pairs involving dominant and nondominant forms. Same-and different-language pairs with L2 forms for the Russian-dominant group and L1 forms for the English-dominant group were associated with a slower time course than the same-language pairs with dominant forms only.
The evidence from the within-participants model fits is buttressed by a comparison of performance across the three groups using the average data within each group. Figure 5 plots the average data for the L1 (Fig. 5 top) and L2 (Fig. 5 bottom) same-language pairs, with the smooth functions showing model fits using the parameter estimates in Tables 3-5. The dominant language for the unbalanced groups show a retrieval time course that is nearly identical to that of the balanced group, with at most minor differences in asymptotic accuracy. In contrast, the time course for the nondominant language is markedly slower. The time-course profiles in Fig. 5 provide striking evidence for the effect of dominance on retrieval speed, given that the functions within each panel come from different groups of participants and the parameter estimates were derived from independent fits of each group.
For the Russian-dominant group, the slower time course for the L2-L2 pairs indicates that the mapping between lexical and conceptual representations was less developed in L2. For the English-dominant group, the slower time course for the L1-L1 pairs implicates attrition of the mappings in the native language. One might assume alternatively that this effect resulted from a failure to obtain a level of proficiency comparable to the (now) dominant L2; in the extreme, from not having acquired some of Tables 3-5. the L1 words. However, failure to acquire a subset of the words from the nondominant language would engender differences in asymptote alone not differences in intercept. Therefore, although the level of L1 proficiency obtained before L2 became dominant may be responsible for some portion of asymptotic differences seen in Figs. 4 and 5, it would not account for the slower speed with which known forms were accessed. Additionally, other studies have found evidence for L1 attrition in adults who had fully acquired L1 (see Seliger & Vago, 1991) .
Orthographic effects? An alternative interpretation of the time-course differences is that they resulted from slower orthographic processing rather than slower retrieval of conceptual information. Although a less familiar orthography may have contributed to the slower dynamics, differences in orthographic processing alone cannot fully account for the data. Figure 6 shows the differences in processing speed for translation (Fig. 6 top) and different-language conditions (Fig. 6 bottom) for the three bilingual groups (averaging over L1-L2 and L2-L1 conditions). The translation and different-language conditions both contain one word from L1 and one word from L2. Thus, if deficits in orthographic processing were soley responsible for the observed slowing of processing speed, differences between the balanced group and the other two groups should be comparable in translation and different-language conditions. To the contrary, Fig. 6 shows that the differences are Tables 3-5. substantially larger in different-language conditions. Using Tables 3-5, we can estimate average processing speed by combining the rate and intercept estimates into a composite measure of (mean) processing time in ms units, viz., ␦ ϩ ␤ Ϫ1 . (This composite measure guards against potential tradeoffs in the intercept and rate parameters.) In the translation conditions, the estimates are 684, 700, and 736 ms, respectively for the balanced, Russian-dominant, and English-dominant groups. In different-language conditions, the corresponding estimates are 718, 810, and 795 ms. The differences in processing speed for the balanced compared to the Russianand English-dominant groups are, respectively, 16 and 52 ms in the translation conditions and 77 and 92 ms in the different-language conditions. The fact that the differences in the different-language conditions are larger by approximately a factor of two implicates a slowing of conceptual retrieval beyond potential differences in the speed of orthographic processing.
It is difficult to determine the degree to which differences in orthographic processing may have contributed to the observed time-course differences. As noted, translation conditions likely involve the retrieval of conceptual information. Consequently, the 16-and 52-ms differences between the balanced group and the Russian-and English-dominant groups (respectively) in the translation conditions cannot be interpreted as pure estimates of differences in the speed of orthographic processing, as these conditions involve one nondominant form for both the Russian-and English-dominant groups. The larger difference for English-versus Russian-dominant groups (52 versus 16 ms for translation conditions and 92 versus 77 ms for different-language conditions) may suggest a small effect of orthography, given that Englishdominant participants report spending less time reading in their nondominant language than did the Russian-dominant participants (15% versus 49%). However, time spent reading is as likely to predict differences in conceptual processing as differences in orthographic processing. Complicating matters further is the possibility that translation conditions may involve priming of both orthographic and conceptual representations (see below).
On theoretical grounds, it is not entirely clear whether a strong separation between orthographic and conceptual processing can be sustained. To argue that the time-course patterns reflect differences in orthographic processing rather than conceptual retrieval, even in part, assumes a strong stage-like separation between component operations. Many recent models have eschewed such assumptions in favor of more parallel and interactive processing architectures (e.g., Plaut, 1997; Seidenberg & McCelland, 1989 ). In such frameworks, processing time cannot be decomposed into unique segments that reflect the duration of each process.
Implications for Models of Bilingual Memory
The time-course data demonstrated that recovering conceptual information was slower from a nondominant forms than from a dominant form, independent of differences in the probability that conceptual information can be ultimately retrieved. Although some portion of this effect may reflect differences in orthographic processing, the overall pattern implicates processes concerned with the retrieval of conceptual information. Crucially, this pattern was observed not only when proficiency with L2 was less than fully developed but also when L1 had ceased to be the dominant language. Models of binlingual language development need to specify the means by which experience with each language alters lexical mappings, such that conceptual information becomes differentially available and differentially accessible. Our focus is on the latter.
Continuous versus qualitative changes in retrieval? Many current approaches to episodic and semantic memory assume that retrieval is based on a direct-access or content-addressable process (e.g., Gillund & Shiffrin, 1984; Hinton, 1989; Kawamoto, 1988; McElree, 1996 McElree, , 1998 McElree & Dosher, 1989; Murdock, 1982; Plaut, 1997; Ratcliff, 1978; Seidenberg & McCelland, 1989) . A key feature of such a process is that information of varying degrees of strength or quality can be recovered with comparable speed (McElree & Dosher, 1989; Rat-cliff, 1978) . Against this context, slower retrieval in a nondominant language is somewhat surprising. Although experience may serve to develop richer mappings to conceptual structures, it need not alter the speed with which existing structures can be accessed. The question addressed here is whether these experienceinduced changes in retrieval speed reflect qualitative changes in the nature of the retrieval operation or simply changes in its efficiency.
Content-addressable retrieval mechanisms are not necessarily incompatible with systematic changes in retrieval speed. Consider, for example, the diffusion model, the most fully articulated and tested retrieval model (Ratcliff, 1978; Ratcliff, Van Zandt, & McKoon, 1999) . This model has successfully modeled an impressive range of tasks, including simple and choice RT tasks, matching or same-different judgments, recognition tasks, categorization tasks, and decision making (see Ratcliff et al., 1999) . In this framework, SAT asymptotic levels are determined by the degree of match between retrieval cues (here orthographic cues) and memory representations (here conceptual information). Degree of match is represented as the mean resonance of a set of items in a particular condition. Higher resonance values lead to higher asymptotic levels, but retrieval speed, estimated by SAT intercepts and rates, is unaffected by differences in mean resonance. This property of the model instantiates the notion that a content-addressable operation enables memory representations of differing strength to be retrieved with comparable speed. However, large differences in the variance of the resonance values across conditions can engender disproportional dynamics; specifically, larger variance will produce faster rates of information accrual, with other parameters held constant. The first step to modeling the time-course patterns observed here would be to assume that variance increases as the mapping between lexical and conceptual forms becomes progressively richer.
2 However, to fully accommodate the timecourse pattern requires stipulating without justification that only a subset of conditions differ in variance. Overarching principles, such as the variance increases with the mean, will not account for the systematic differences in processing speed coupled with minimal differences in asymptotic accuracy (e.g., Fig. 6 ) or, conversely, uniform dynamics coupled with large differences in asymptotic accuracy (e.g., Figs.  2-6 ). In general, fully articulated retrieval models usually have sufficient degrees of freedom to accommodate a set of time-course profiles. The crucial question is whether they can do so in other than an ad hoc manner. The diffusion model does not appear to provide a principled account of the data without assuming a qualitative shift in the nature of the retrieval process.
Further evidence for a qualitative shift in a retrieval is provided by placing our results in the broader context of bilingual research. Studies using several paradigms suggest that L2 processing increasingly shifts from a reliance on L1 forms early in acquisition to a mode in which L2 forms directly elicit conceptual structures. Less fluent bilinguals are more sensitive to form-based relations between L1 and L2 and less sensitive to meaning-based relations between L1 and L2 (Kroll & de Groot, 1997) . Our data extend these findings by documenting systematic differences in time course over and above differences in the accuracy of retrieval. The extension is an important one as other forms of evidence have been challenged (see Kroll & de Groot, 1997) . The notion that less dominant forms rely on dominant forms for the recovery of conceptual information is fully consistent with the observed time-course differences.
Mediation through the dominant language. The slower time course for nondominant forms follows from an assumption that conceptual re-2 Changes in the variance of the resonance parameter will only affect the rate of the SAT function, not the intercept (which is a free parameter in the model). This approach is inconsistent with the exponential model fits which modeled the dynamics differences as a difference in SAT intercepts. However, as noted, the dynamics differences can be recast in terms of SAT rate differences with only a slight decrement (for some participants) in the overall goodness of fit.
trieval depends on implicitly associating the nondominant lexical form with its corresponding lexical form in the dominant language, for cases in which the form to meaning mappings were insufficient to support direct retrieval of conceptual information. In such an account, delayed intercepts reflect the additional mediational process that is required when the mappings cannot support the direct recovery of conceptual information.
The SAT intercept for a particular condition is controlled by the fastest processes to complete. In the current context, intercept differences would emerge only if most trials involving nondominant forms required a mediational process. If mediation was required on just a proportion of trials, then the intercept would be determined by those trials in which conceptual information was directly recovered from formbased representations and the rate of the SAT function would be slowed by those trials requiring a slower mediational process. Although the time-course differences were modeled as shifts in intercept, we cannot reject alternative fits based on variation in the rate parameter (see footnote 1). Our data do not, therefore, support a strong claim that mediation was the only means through which conceptual information was retrieved from nondominant forms. Given the inability to reject alternative descriptive fits, our data indicate that a significant proportion of trials required mediation, but that some nondominant forms were able to support direct retrieval.
A mediational assumption also gives a natural account of the finding that the dynamics differences between the balanced group and the unbalanced groups were smaller for translation pairs than for different-language category pairs. The presentation of the translation for a weaker form would circumvent the implicit generation process that is required in different-language conditions, thereby attenuating temporal differences in the translation conditions.
The time-course data are consistent with many aspects of the revised hierarchical model (Kroll & Stewart, 1994; Kroll & Sholl, 1992; Kroll & de Groot, 1997) . A notable exception is the assumed asymmetries in the L1-L2 lexical mappings, with L2-L1 lexical mappings argued to be stronger than L1-L2 mappings in the developing bilingual. Prima facie, this aspect of the revised hierarchical model is inconsistent with the lack of L1-L2 order effects on either accuracy or speed in our data. However, asymmetries are typically found in explicit translation tasks, and these effects may reflect differences in the production of a lexical form rather than inherent differences in retrieval (Snodgrass, 1993) . Moreover, both items had to be evaluated in our task, and that should give rise to a comparable slowing of retrieval whether the nondominant form is in the first or the second presentation position.
Our results concern differences in the way bilinguals comprehend their two languages. However, the results may also have implications for language production. If unbalanced bilinguals cannot directly recover conceptual representations from nondominant lexical forms, they may also have difficulty in directly accessing nondominant lexical forms from conceptual representations. If true, production in the nondominant language may be slower than in the dominant language. Moreover, the dominant language may be a significant source of interference if a mediational process is required in the production of nondominant forms (Costa, Miozzo, & Caramazza, in press ).
Development and attrition. The revised hierarchical model and indeed most bilingual research has focused on L2 acquisition, attempting to specify how form to meaning mappings develop. Our study demonstrates that processing speed was slower in either L1 or L2 when these languages were not the dominant communication channel. Language dominance appears to determine the relative accessibility of conceptual information from lexical representations. Comparison of the balanced group with the two unbalanced groups indicates that formto-meaning mappings are dynamic, as dependent on continual use as on initial experience. The pattern across groups shows a classic Ushaped function: access to conceptual information is slow with too little exposure to a language and too much exposure to an alternative language.
